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Energy-only markets

Energy-only market only compensates
generated MW that is actually produced

Capacity is only indirectly compensated based on
implicit supply agreements, such as futures
contracts

The question is what happens with the prices for
imbalances when there is a loss of load occasion
(LOLO). If there is a LOLO (i.e., demand larger
than available capacity), then this means that
there is at least one trader/retailer who sells power
without having that power to sell.
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Energy-only markets

ﬁ;whatieries stopped the UK's
power cut heing a total disaster

offline. But a handful of battery firms prevented things from getting much worse
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National Grid UK energy watchdog demands answers
aftermajor power cut

(Outage caused travel chaos and cut electricity toalmost 1m people
inEngland and Wales
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UK power cut: Andrea Leadsom launches
government investigation
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Energy-only market failure

If there is a EBlackout
blackout, .
The duration of the Price ‘
blackout depends
on the generation
capacity built to
avoid them
Demand
Peaker Supply
That means there is The incentive to Marginal Cost
“missing money,” build new
which implies there generation capacity Baseload
is low a level of depends on the
investment in price being paid Marginal Cost
capacity. during blackouts
(scarcity prices) Power

Source: Capacity market fundamentals, Cramton et.al,2013

because customers are unaware of the
: , real-time price of electricity or have no
Since this is not this wou‘ld rgsylt -
the price rising reason to respond to them
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Energy Storage in the CM
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Methods
1- Battery models:
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Li-ion cell ECM, 53Ah

Battery Voltage (V)
T

Battery Current (A)

ARRREIRENE

Electric potetnial [V]
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Discharge
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Batter
Cn =53Ah, Vn=3.7V
String: 12 cells in series, 3.7*12
=44.4V @53Ah

Module: 4 strings in parallel,
4*53=212Ah @44.4V

Rack = 14 modules in series
Battery = 15 rack in parallel,
14%212=2968Ah @666V

Total: 2968*666 =2 MWh
Number of cells (N) = 10080

Electric Potential [V]

0 10 20 30 40 50
Capacity [Ah]
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Methods
1- Battery models:

Volume fraction of the active material, ¢ 0.58 [22] 0.43 [22] Journal of Power Sources 382 (2018) 77-94
Volume fraction of the electrolyte, . 0.32 [22] 0.54 [22] 0.32 [22]
Maximum lithium concentration in the solid phase, 29802" 87593" Contents lists available at ScienceDirect T
s POWER
G max (mol m™3) SOURCES
Electrolyte lithium concentration, Ce, max (mol m=3) 1200 [22,27] Journal of Power Sources .
Stoichiometry at SOC = 1, x, y; 0.75" 0.38" & 3
Stoichiometry at SOC = 0, xo, ¥, 0.05" 0.93" ELSEVIER journal homepage: www.elsevier.com/locate/jpowsour
Rsgr (Q.cm?) 20 20
Lithium ion transference number, t? 0.363 0.363 0.363
Electrolyte activity coefficient, ft 1[27] 1[27] 1[27]
Charge transfer coefficient, @ 0.5 [27] 05 [27] A systematic approach for electrochemical-thermal modelling of a large [ |
Dynamic parameters R i . . . . Chack 156
Lithium diffusion coefficient in the negative _ED, @2 format lithium-ion battery for electric vehicle application
= D;, neg: =3 X 1013 ot (— — 3 3 . @
electrode, Ds, neg (m*s™") s, neg = 3 X Exp( T m 15 ] Elham Hosseinzadeh®, Ronny Genieser, Daniel Worwood, Anup Barai, James Marco,
Lithium diffusion coefficient in the positive (23) Paul Jennings
electrode, Ds peg (m*s~") Ds pos =7 % 10_“5"P[ T = mns)) WMG, University of Warwick, Coventry CV4 7AL, United Kingdom
Lithium diffusion coefficient in the electrolyte, D;, neg 1 1 (24)
(m?s) D, = 3.8037¢ — 10 X exp(—0.78281 C)exp[ 7 e ) [61]
Reaction rate in the negative electrode, kneg (ms~1) (25)
kuegdhcharge—komgzm (_' 29&15)
—EK. (1 L\
Kneg charge = Kghheg exp(-Sx)zxp( =t (; - 29“5))
Reaction rate in the positive electrode, kpos (ms™) —Ek /1 i 2 (26)
Kepas discharge = kdipos W(-SY)“P[TM(-T— - m))
K, /1 i 2
Kpos.charge = k‘{';’“ex"( T zqs.xs)]
_— - - 2 97
Electrolyte ionic conductivity, x (S cm™!) X = 158 X Go. exp(—~13472Cel ‘)zxp( EX, (? mu)) 7] 27)
Open circuit potential of the negative electrode U ref.neg = 0.6379 + 0.5416 exp(—305.5309x) + 0.044 mh(_x;;:;‘;sx) [62] (28)
x—0.0117 X—0.5602
—0.1978 tanh(T) —0.0175 tanh( - )
Open circuit potential of the positive electrode U ref pos = —10.72y* + 23.88y* — 1677y + 2.595y + 4.563, [63] (29)
Local state of charge of the negative electrode, x 5 C surf neg (30)
= S0Ches = 7y max.neg
=
Local state of charge of the positive electrode, y Cs, surf pos (31)
¥ = SO0Cpos = G, b
max, pos e
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2- Battery degradation models
A-Empirical (E) by Schmalstieg et.al

Ciostr = (a(Vay, TIE®7> 4+ B(DoD, V) X 2DoDN,.C,, [ 1(t) dt)

B-Semi-Empirical (S) by NREL

Cuosez = min (Qu(t, T, Ne, DoD, Ve (1)), Qneg (T, DoD, N, Qpos (DoD) )
C-Physics (P) by Jin and Liu -

SEl layer — AM |055\ e SEl layer —_— reformation % ——
fracture\\. /
t ™ / P v
© [ - [ ©.
Closts =
0

¢ Nc
ls(t) dt + ] SOC dgAM + Z QSEI,CTaCk ) [\ o ,";
0 i=1 e
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3-CM regulations and scenarios

Capacit capacit

PR 2 Mmw 0.43 MW 0.5
[2MWh PRV 0.81 MW 1
[2MWh VAT 0.68 MW 2
PN 0.5 MW 0.48 MW 4

The Revenue (R) of the battery in the CM is calculated as:

R=C4edeif +Roy— P
Where
Cae = P kge,
PC = Ib VbN
Acl

b= Li= 1Cun(z) 24"

pbr
Ryy = Cov(i) min(4, C )

ovT
The degradation cost is

Elost = Ciost Adegr N

The capacity obligation (C,) during stress event is calculated:

sse
Dp

Co = Z?=1(Cder(i)) - Cb (l)’ Dp= Cac
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Scenario 1: System Stress Duration Events

(1 {11

Scenario 2: System Stress Duration Events

During One Year
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Results
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Conclusion

In general, the results illustrate that degradation cost can significantly impact the potential profit from
each battery

The battery with the 1h de-rating factor shows the highest revenue within the current CM regulations

The empirical degradation model is simple but overestimate the capacity loss especially in the first
cycles. It also underestimates the degradation at low temperatures. Keeping the temperature at 5°C and
at low SoC (20%) offers the highest profit

In contrast, the semi-empirical model shows that the degradation cost is maximum at 5°C and minimal
at 25°C with SoC(20%). It shows also a slight increase in the revenue for all cases because the battery
capacity predicted shows an increase above nominal in the first 50 days of cycling

The physics model offer a deeper understanding for the complex degradation mechanisms inside the
battery but it also underestimate the degradation at low temperatures.

Although the three models use the same battery chemistry data (NMC), but this does not necessarily
means that extrapolation is possible outside the characterisation setup set when collecting the data
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